Abstract-The prevalence of Arcobacter butzleri and Helicobacter pylori in some foods of animal origin and the possibility of their elimination by irradiation was studied. A. butzleri was isolated from 60 % of 20 whole chicken carcasses, 16.7 % of 24 ground beef samples, 40 % of 40 bolti fish samples and 45.5 % of 44 catfish samples. Meanwhile, H. pylori was not isolated from samples. Fresh samples of chicken breasts, ground beef, bolti fish fillets and catfish fillets were radiation sterilized and inoculated with A. butzleri or H. pylori at initial levels of 107 cfu/ g. Then samplers were irradiated at doses of 0, 0.5, 1, 1.5, 2, 2.5 and 3 kGy at room temperature and the survival of these pathogens was examined post treatments and during storage at 4 ±1 °C for 7 days. Irradiation at doses up to 1.5 kGy significantly decreased the counts of these pathogens, proportionally to the applied dose. Refrigerated storage had no significant effects on the counts of A. butzleri in control samples and those survived irradiation doses up to 1.5 kGy, whereas significantly decreased the counts of H. pylori. No colony forming units were observed for these pathogens in samples irradiated at dose of 2 kGy or above. The average D10 values were 0.26 and 0.28 kGy for A. butzleri and H. pylori, respectively. Therefore, irradiation at doses approved for treatment of fresh foods of animal origin may effectively eliminate the naturally present A. butzleri and H. pylori and prevent their possible hazards.
Introduction
Bacterial contamination of food is an area of increasing concern in food safety. Infections caused by bacterial foodborne pathogens remain responsible for high levels of morbidity and mortality in general population and have emerged as an important and growing public health and economic problem in many countries [1] [2] [3] . A comparison of the list of bacteria that are known to be foodborne pathogens in the past and those confirmed as foodborne pathogens currently reveals quite an astonishing picture. Many that were not considered or known to be foodborne pathogens in the past have later been emerged as etiologic agents of foodborne illness [4, 5] . In the last few years, species of the genus Arcobacter have been implicated as emerging foodborne pathogens. A. butzleri was the most common species associated with human diseases including enteritis, sever diarrhea with abdominal pain, septicaemia, bacteraemia, nausea, vomiting and fever [6] [7] [8] [9] . The potential of Arcobacters as zoonotic foodborne and waterborne agents as well as the routes of their transmission and their pathogenic mechanisms are largely unknown. However, the abundant presence of Arcobacters in foods of animal origin and their recovery from surface and drinking water suggested an important role of these bacteria as foodborne or waterborne agent. The routs of infection probably include manipulation of raw meat, the consumption of under cooked products and cross-contamination [10] [11] [12] [13] . Arcobacters were found to be common contaminants of raw milk, unpasteurized dairy products and raw meats (including beef, pork, chicken, duck, turkey and rabbit meats), in which, A butzleri was the most prevalent species [11, 14 -17] . Besides, Helicobacter pylori infection in now recognized as a worldwide problem. The organism colonizes the human stomach of about half of the world population. H. pylori infection is the most common cause of chronic gastritis and has been strongly linked to peptic ulcer disease. It is also the leading cause of gastric cancer and its clinical significance has been emphasized by the WHO, via the classification of this organism as a class I definite carcino-gen [18] [19] [20] [21] [22] . The exact transmission pathway of H. pylori to human stomach is also unknown, but contaminated foods have been recognized as a potential source of its dissemination and epidemiology [22] [23] [24] . In addition to contaminated water, several studies addressed the possible role of food in the transmission of H. pylori including milk, meat, seafood and vegetables [22, [25] [26] [27] . Given that contaminated foods are potential vehicles for the transmission of Arcobacters and Helicobacters to human, a precautionary approach is advisable and measures to eliminate these pathogens from the human food should be encouraged. Irradiation of food has been demonstrated to be an effective means of destroying pathogenic and spoilage bacteria in food products without compromising their nutritional or sensory quality. It is approved for use in more than 60 countries worldwide for various applications and purposes in a wide variety of foodstuffs [28, 29] . Therefore, the aim of the present work was to examine the prevalence and possible isolation of A. butzleri and H. pylori from some fresh foods of animal origin and studying the possibility of their elimination from these foods by gamma irradiation.
Materials and methods
Samples for studying the prevalence of A. butzleri and H. pylori Twenty whole carcasses of freshly slaughtered chickens were purchased from various local poultry shops at different times to represent a different chicken flock. Twenty four ground beef samples were purchased from different retail butchers and supermarkets. Forty individual bolti fish (Tilabia nilotica) samples and forty four individual catfish (Clarias gariepinus) samples were purchased from different local fish markets (each one of the observed fish was considered an individual sample)
Samples for artificial inoculation studies
For studies with artificial inoculation, chicken breasts with skin were deboned and divided into two parts of ~ 50 g, while fresh ground beef was obtained from a local butcher. Bolti fish and catfish fillets with skin were prepared from fresh fish, in which each of the fish fillets was divided into cuts of ~ 50 g. The obtained cuts of chicken breasts or fish fillets were vacuum packaged individually in polyethylene pouches. Meanwhile, the observed ground beef was divided into~ 50 g samples and also vacuum packaged in polyethylene pouches. All pouches were frozen at -18°C for 3 days and irradiated at dose of 42 kGy for sterilization. The radiation sterilized samples were frozen stored at -18°C until needed for inoculation.
Inoculation of samples Preparation of bacterial inoculum
For studies with A. butzleri, a confirmed culture of the organism (which isolated from samples that examined for the prevalence of A. butzleri in this study) was used. Meanwhile, a confirmed isolate of H. pylori, originated from a human endoscopic gastric biopsy specimen and cultured on Columbia blood agar, was used for studies with this organism. Colonies from 2-day-old cultures were harvested from Arcobacter agar plates (for A. butzleri) or Columbia blood agar plates (for H. pylori) and suspended in 10 ml portions of sterilized phosphate-buffered saline. The bacterial suspensions for each organism were subjected to vortex for 1 min and collected in a 100 ml flask giving a cell concentration of ~ 10 9 cells /ml.
Inoculation of samples
Studies of artificial inoculation with A. butzleri and H. pylori were performed separately for each organism. For inoculation of samples, the frozen pouches of radiation sterilized samples were left to thaw at 4±1 °C overnight. Pouches were disinfected with ethanol (70 % w/w) and aseptically opened. Under aseptic conditions, cuts of chicken breasts or fish fillets were placed onto a piece of sterilized aluminum foil and 500 µl of the bacterial suspension were surface inoculated on one side, spread evenly with a sterile spreader, and left for 5 min before the cuts or fillets were flipped and inoculated on the other side to reach a final level of ~ 10 7 cfu/ g. After another 5 min, the inoculated samples were re-packaged in radiation sterilized polyethylene pouches and pouches were sealed by heat and kept at 4±1 °C. For ground beef pouches, each sample was aseptically transferred into a sterilized mortar and inoculated with 1000 µl of the bacterial suspension. After well mixing, the inoculated sample was re-packaged in radiation sterilized polyethylene pouch and the pouch was sealed by heat and kept at 4±1 °C. The obtained pouches for each of the inoculated chicken, ground beef, and fish samples were divided into 7 groups of samples for irradiation treatments.
Irradiation and storage of the inoculated samples
Inoculated chicken, ground beef and fish samples of the first group were left at 4±1 °C as the control non-irradiated samples except control samples of the day zero analyses which were subjected to bacterial determination. Meanwhile, samples of the other 6 groups were subjected to gamma irradiation at doses of 0.5, 1, 1.5, 2, 2.5, and 3 kGy. Irradiated samples were also refrigerated stored at 4±1 °C except samples of the day zero analysis which subjected to bacteriological analysis. Then all irradiated and nonirradiated samples were daily sampled for bacterial determination during 7 days of their refrigerated storage. All irradiation treatments in the present study were carried out using an experimental Co-60 source at the National Center for Radiation Research and Technology, Nasr City, Cairo, Egypt.
Bacteriological determinations Prevalence and possible isolation of A. butzleri and H. pylori
For A. butzleri, sub-samples of 40 g (comprising muscle and skin from different sites of the whole chicken carcass or fish sample) were taken from the examined chicken, ground beef or fish sample and homogenized with 120 ml of sterilized Arcobacter broth CM965 with CCDA selective supplement SR155 (Oxoid, UK) Aliquots of 10 ml from the homogenates were transferred to sterilized test tubes and incubated at 30 °C for 48 h under microaerophilic conditions using Oxoid CampyGen for enrichment, then 1 ml of the homogenate was streaked onto Arcobacter-selective agar plates. Plates were incubated for 24-48 h at 30 °C under microaerophilic conditions and examined for the presence of bacterial growth. Bacterial colonies were examined by Gram staining, catalase test, cadmium choloride test, oxidase test [30] and Arcobacter species-specific polymerase chain reaction [31] . Elimination of Arcobacter butzleri and Helicobacter pylori from some foods of animal origin by gamma irradiation ment DENT (SR147) and laked horse blood (SR48) Aliquots of 10 ml from the homogenates were transferred in sterilized test tubes and incubated at 35 °C for 3-5 days under microaerophilic conditions using the Oxoid CampyGen for enrichment. Then 1 ml of this enrichment selective broth was plated onto Columbia blood agar CM331 with the same H. pylori selective supplement and laked horse blood [32] . Plates were incubated at 35 °C for 3-5 days under microaerophilic condition and examined for the presence of bacterial growth.
Survival of A. butzleri and H. pylori in the inoculated samples
For studying the survival of A. butzleri and H. pylori in irradiated and non-irradiated inoculated samples, 20 g sub-samples were homogenized with 180 ml of the Arcobacter broth or Columbia broth and enrichment was carried out as mentioned above. Then serial dilutions were performed using sterilized maximum recovery diluent and the counts of A. butzleri or H. pylori were determined on the Arcobacter-selective agar plates or Columbia blood agar plates as mentioned above. D10 values were calculated by the formula: D10 value = dose (kGy)/ (log10 count prior to irradiation -log10 count after irradiation) according to Dickson [33] .
Statistical analysis
Studies for the prevalence of the examined pathogens were performed in four separate experiments. While studies with the inoculated samples were conducted in three different replicate trials and analysis were performed using duplicate pouches per each replicate trail. Data were then statistically analyzed by using the generalized linear model procedure of the SAS software [34] , and the differences among means (at p<0.05) were compared using Duncan's multiple range test.
Results and discussion
Prevalence of A. butzleri and H. pylori in chicken carcasses, ground beef , bolti fish and catfish samples The prevalence of A. butzleri and H. pylori in various samples of whole chicken carcasses, ground beef, bolti fish and catfish was examined and the results are presented in Table 1 . As shown, A. butzleri was isolated from 60 % of 20 whole chicken carcasses, 16.7 % of 24 ground beef samples, 40 % of 40 bolti fish samples and 45.5 % of 44 catfish samples. The presence of arcobacters in food of animal origin including beef and chicken was also reported by several authors worldwide and A. butzleri was the most prevalent species [12, 13, 15, 35] . It has been shown that contamination of beef may occur during slaughter by faecal contamination [36] , while Rivas et al. [12] speculated that contamination of meats with A. butzleri is a consequence of cross-contamination within the grinding establishments. Contamination of chicken carcasses, however, has several sources. Arcobacters were recovered from chicken carcasses at different processing stages as well as along the slaughterhouse processing line, equipment and processing water [37] . Houf et al. [38] revealed that A. butzleri is commonly present on slaughter equipment, while several authors have suggested that the process water applied during slaughter may not only act as a vector, but may even be the initial source of contamination [39, 40] . It has been also reported that arcobacters are able to colonize the biofilm present in water distribution lines, and are consequently better protected from cleaning and disinfection procedures [41] , this also suggests that contaminated water may be the source of contamination of fish samples in the present study. Furthermore, A. butzleri displayed a longer survival time and better heat resistance than other arcobacters, which can be a possible explanation for its more frequent isolation than the other species from different sources [36] .
The results in Table 1 further show that H. pylori could not be isolated from any of the different examined samples. Several authors reported that the isolation of H. pylori from food products is extremely difficult due to the presence of accompanying microflora which outgrew this pathogen [4, [42] [43] [44] [45] . Figure 1 presents the survival of A. butzleri in irradiated and nonirradiated samples of chicken breast meat, ground beef, bolti fish fillets and catfish fillets during refrigerated storage at 4 ±1°C. The results show that irradiation of the different inoculated samples at doses up to 1.5 kGy significantly (p <0.05) decreased the counts of the inoculated pathogen, proportionally to the applied irradiation dose. Meanwhile, refrigerated storage of samples showed no significant (p> 0.05) effect on the counts of A. butzleri in both control non-irradiated samples and those irradiated at doses up to 1.5 kGy. A. butzleri, however, was not recovered from any of samples that irradiated at dose of 2 kGy or above neither post irradiation treatments nor during their refrigerated storage ( Fig. 1) These results clearly indicate that irradiation treatment at dose of 2 kGy was sufficient to keep the counts of the inoculated A. butzleri below the detection limit (<10 cfu/g) in samples. The sensitivity of A. butzleri to gamma irradiation showed no significant (p> 0.05) differences in the different studied muscle food samples, as indicated by the calculated D10 values (Table 2) As shown, the D10 values for A. butzleri which calculated from the different dose intervals as well as their average showed no significant (p>0.05) differences between samples giving an average D10 value of 0.26 kGy. The ability of A. butzleri to survive irradiation under vacuum in ground pork was determined in previous study by Collins et al. [45] , in which the organism had a D10 value of 0.27 kGy. The survival of A. butzleri under aerobic atmosphere agree with the findings of Lehner et al. [11] who showed that arcobacters can grow microaerobically and aerobically. The observed results also indicate that A. butzleri could survive during refrigerated storage which was in agreement with the results of van Driessche and Houf [36] . These authors showed that A. butzleri could survive in pure water at 4 °C for more than 100 days Effects of gamma irradiation and refrigerated storage at 4±1°C on H. pylori inoculated in sterilized chicken, ground beef and fish samples The survival of H. pylori during refrigerated storage of irradiated and non-irradiated samples of chicken breast meat, ground beef, bolti fish fillets and catfish fillets is presented in Fig. 2 . As with A. butzleri, the application of gamma irradiation at doses up to 1.5 kGy induced significant (p<0.05) decreases in the counts of the inoculated H. pylori in samples under investigation, being proportional to the applied dose. During subsequent refrigerated storage (4±1°C), further significant (p<0.05) decreases were observed in the counts of H. pylori which could survive in samples irradiated at doses up to 1.5 kGy and those in the control non-irradiated samples. The pathogen was still recoverable within 7 days of storage at 4 ±1 °C but the counts of the survivals were very low (ranging from 3.4 x10 1 to 8.3x10 1 ) in different samples irradiated at 1.5 kGy. Meanwhile, no colony forming units were observed in any of samples that irradiation at dose of 2 kGy or above post irradiation treatments and during subsequent refrigerated storage at 4 ±1 °C , indicating the efficiency of such dose in rendering the pathogen undetectable (<10 cfu/g) in samples (Fig. 2) The radiation sensitivity of H. pylori also showed no significant (p>0.05) differences in the different studied samples as shown from the calculated D10 values (Table 3) The calculated D10 values from the different dose intervals and their average for H. pylori showed no significant (p>0.05) differences between samples with an average D10 value of 0.28 kGy, being significantly (p <0.05) higher than that observed for A. butzleri. refrigerated [46] [47] [48] . In agreement with Jiang and Doyle [42] , H. pylori spiked in irradiated ground beef could be recovered within 7 days. Furthermore, spiked raw chicken supported the survival of H. pylori at 4 °C for up to 3 days [43] . These authors showed that raw chicken had a dense population of their natural bacterial flora, which might explain this rapid decrease in the recoverable H. pylori in their study. In our study, H. pylori were recoverable within 7 days of storage at 4±1 °C which may be due to the use of sterilized samples for inoculation studies and high initial inoculum. In view of control measures to prevent or eliminate the hazards of A. butzleri and H. pylori in foods of animal origin, the results of the present study clearly show that the application of gamma irradiation at dose of 2 kGy was sufficient for inactivating the present A. butzleri and H. pylori at initial counts of approximately 10 7 cfu/g to undetectable levels (<10 cfu/g) However, these pathogens may be naturally present in food products at much lower levels, in which, the lower doses may be sufficient for their elimination. Therefore, it could be concluded that gamma irradiation at doses approved for treatment of fresh animal origin food products, according to the different legislations in countries, may effectively eliminate the naturally present A. butzleri and H. pylori, thus preventing the possible cross-contamination and the hazards of the consumption of under cooked products. 
Effects of gamma irradiation and refrigerated storage at 4±1 °C on A. butzleri inoculated in sterilized chicken, ground beef and fish samples

